To identify persons with a high risk for cardiovascular diseases (CVD) special tools (scores, charts, graphics or computer programs) for CVD-risk assessment based on levels of the certain risk factors have been constructed. The applicability of these instruments depends on the derivation cohorts, considered risk factors and endpoints, applied statistical methods as well as used formats.
INTRODUCTION

The Importance of Tools for Risk Estimation of Cardiovascular Disease for European Populations
The burden of cardiovascular diseases (CVD) is thought to be reduced when applying preventive interventions which modify CVD-associated risk factors (1) . These interventions may be provided to general population or, if their use is associated with potential side-effects and/or high costs, restricted to individuals with a high risk of CVD (2) . To identify high-risk individuals special tools for CVD-risk estimation have been constructed.
Using the levels of certain risk factors the CVD risk-estimation tools enable the assessment of an individual's risk for the development of cardiovascular events such as myocardial infarction (MI), stroke or different forms of CVD (also imply symptoms like angina pectoris). Primary, a risk-estimation tool is constructed as an equation with a specific regression coefficient for each included risk factor, based on a statistical analysis of data from a population of a certain region, the so-called derivation cohort (3) . The derived regression equation can be further transformed into a score, chart, graphic or used for a computer program.
Risk-estimation tools may assess not only the individual's absolute risk within several years or in life (lifetime-risk), but also the risk in relation to that of a low-risk person of the same gender and age (relative risk) or the age of the person with the same risk but ideal risk profile (Cardiovascular Age, Heart Age, etc.).
The recently published systematic and narrative reviews addressing CVD risk-estimation tools (4) (5) (6) (7) (8) have not primarily focused on their applicability for the European populations. Moreover, the systematic reviews (6, 7) are not up-to-date, whereas the narratives reviews (4, 5, 8) consider only selected instruments, e.g. recommended by the U.S. guidelines on CVD prevention. The presented review addresses the risk-estimation tools for primary prevention of CVD potentially relevant for European populations and provides an important addition to the previously published methodically-focused articles (4, 9, 10) .
MATERIALS AND METHODS
Requirements for a Good Risk-estimation Tool
The applicability of risk-estimation tools depends on the derivation cohorts, considered risk factors and endpoints, applied statistical methods as well as used formats. These aspects were discussed in detail previously (4, 9, 10) and will be only briefly summarised here.
The derivation cohort should be representative of the general population of the region. Involving highly selected groups, such as employees or patients of medical practices, can bias the risk esti-mates. The cohort-size and the number of events in the follow-up should be both high enough to provide a precise event prediction.
The selection of the risk factors should be based on statistical data analysis of preselected potential relevant variables. Most risk-estimation tools are based on the conventional risk factors: age, gender, smoking, blood pressure, and cholesterol (total and its high-density or low-density fractions). Many tools include additional risk factors such as diabetes mellitus (DM), family history of CVD; simplified tools use body height and weight instead of laboratory tests. The measurement of a risk factor should be easy, well-standardised and intended to be carried out for the entire derivation cohort.
The standardization also plays an important role in the selection of the endpoints. The more easily standardised endpoints comprise less subjective or "hard" events (MI, stroke, death), especially fatal ones. However, the inclusion into the composite cardiovascular endpoints of more subjective or "soft" outcomes (angina pectoris, heart failure, etc.) is favourable from a clinical perspective.
Preferable statistical methods for deriving risk-estimation tools are Cox and Weibull regressions as they enable the risk assessment for different follow-up times or if certain values are missing.
The format of a risk-estimation tool (score, chart, graphic, online calculator, etc.) plays an important role for its efficacy and practicability. The integration of a risk assessment into the medical computer software is aimed to enable a time-saving automatic risk calculation.
Performance Criteria for Risk-estimation Tools
Although a number of risk-estimation tools were constructed world-wide, their applicability to populations other than the derivation cohort may be limited due to differences in genetics, life-style, environment, etc. (4, 10) . The commonly used statistical parameters to evaluate the predictive performance of instruments are: calibration, discrimination and net reclassification index. The performance of the instrument can be assessed over risk-estimation on the derivation cohort (internal validation) or on another population (external validation).
Calibration is measured as a ratio between the numbers of predicted and observed events. Good calibration means that the predicted risk is neither too high nor too low referred to the observed risk, with the best achievable value being 1.0 (11). Due to changes over time and regional differences in CVD-risk a risk-estimation tool often overestimates or underestimates the event rate when applied either many years after construction or to populations of geographic regions other than the derivation cohort. In order to overcome this problem the prediction equation can be recalibrated, using the mean values for risk factors and the event rates of the population of interest (12) .
Discrimination refers to the ability of a risk-estimation tool to differentiate between individuals in whom an event will occur or not. It is mainly calculated as the area under the receiveroperating-characteristic (AUROC) curve (11) . An AUROC of 0.5 indicates that the event prediction is not better than chance alone, whereas an AUROC of 1.0 indicates a correct prediction for all persons.
Recently, the net reclassification index is introduced to compare the performance of risk-estimation tools in terms of classifying individuals into appropriate risk categories (8) . This parameter is generally used to appraise the incorporation of new risk factors in the equation (4) .
Data Search and Selection
Initially, risk-estimation tools potentially relevant for this review were identified using two previously published systematic reviews, literature search up to July 2004 or April 2008, respectively (6, 7) . Additionally, a literature search was conducted in MEDLINE using the terms 'risk', 'predict', 'score', 'chart', 'table', 'engine', 'equation' and the Medical Subject Terms 'risk assessment' and 'cardiovascular disease' in March 2013. Finally, a manual search was performed in the reference lists of relevant articles as well as on the relevant websites.
The review addresses exclusively risk-estimation tools for asymptomatic patients without pre-existing CVD. Tools focusing on specific risk groups, such as patients with DM or with arterial hypertension, were excluded. The presentation of formulae or β coefficients, charts, point scores, or online calculators that were derived from a prospective cohort study was considered as a publication of a risk-estimation tool.
In order to base the review on statistically powerful and clinically relevant prognostic models, only risk-estimation tools were considered that were derived from cohorts of at least 1,000 participants of one gender, enable risk assessment for a period of at least 5 years and are designed for an age range of at least 25 years. Because of secular change in the CVD-risk (4) instruments published before the year 2000 were generally not included in this review.
The identified risk-estimation tools were divided into tools derived from single European, several European and from nonEuropean countries ( Table 1 ). The acronyms of the identified risk-estimation tools were considered as proper names and not spelled out in the description of the instruments.
RESULTS
Risk-estimation Tools Derived from Cohorts of Single European Countries
PROCAM
The German PROCAM score can be referred to as the first internationally known European risk-estimation tool. The first version was developed as a point score for estimating the risk of a coronary event within 10 years and was published in 2002 (13) . The new version of the PROCAM score released in 2007 is based on the data from almost 27,000 employees aged 20-78 years, approximately one third women (14) . Beyond conventional risk factors data on triglycerides, DM and a family history of MI were used as prognostic variables. An online version of the score is provided as PROCAM Health Check (15) and calculate also the relative risk of a coronary event. The website also offers the PROCAM Quick Check (15) which enables an interactive estimation of the risk for coronary event using the personal data on body height, weight and antihypertensive treatment instead of laboratory parameters.
The publication on the new version of the PROCAM score also presents a point score for the risk of an ischaemic cerebral event Continued on next page within 10 years (14) . This score was derived from the data of about 8,000 participants aged 35-65 years of the entire PROCAM cohort and based only on the risk factors gender, age, smoking, blood pressure, and DM. The first version of the PROCAM score was applied to men in France, Northern Ireland, England, and Italy, but showed a poor discrimination (7).
Copenhagen Risk Score
The first reference to the Copenhagen Risk Score was published in 2001 as a basis for the PRECARD® computer program (16) . This tool was developed from data of almost 12,000 people aged 22-93 years from two population-based Danish studies. The computer program was designed for risk estimation of a myocardial infarction within 5, 10 or 20 years, for younger persons also at the age of 60 years (although the follow-up was only 10 years). Besides the conventional risk factors it applies data on body height, weight, DM, and family history of MI. Unfortunately, the risk assessment with PRECARD® is not available online and the regression coefficients of the underlying equations are not published.
CUORE
The first CUORE equation presented in 2005 (17) estimates the risk of a coronary event in men. The tool uses conventional risk factors as well as the variables DM, antihypertensive treatment and family history of coronary heart disease (CHD). The 2007 published gender-specific equations (18) estimate the risk of a cardiovascular event and are based on twelve cohorts with more than 20,000 persons aged 35-69 years, about two third women. The tool uses the same risk factors except the family history of CHD. These equations are the basis for the online calculator (19) and for charts (18, 19) which are restricted for persons aged 40-69 years and use only the variables age, smoking, blood pressure, and cholesterol.
Riskard
The Riskard was published in 2005 (20) as multiple genderspecific equations for the software Riskard 2005 to assess the risk of a coronary event, the risk of a cerebrovascular event and the risk of a total cardiovascular event, each within 5, 10 and 15 years, as well as an equation underlying the risk charts Riskard 2005 for a cardiovascular event within 10 years. The software algorithms were derived from data of almost 16,000 persons aged 35-74 years. The equations for charts use only conventional risk factors and DM. The software algorithms additionally apply the variables body mass index (BMI) and heart rate. The corresponding website (21) enables an online calculation for the risk of a cardiovascular event within 10 years with Riskard 2005 using only conventional prognostic variables and also with Riskard 2009 which excluded data for individuals with DM from the derivation but additionally applies HDL-cholesterol levels and calculates a relative risk estimate.
FINRISK
FINRISK addresses the impact of the resting heart rate for the improvement of CVD prediction (22) and derived multiple equations for risk of fatal CVD event with and without the variable resting heart rate. The basic gender-specific equations contain conventional risk factors, in the simplified equations the laboratory parameters are replaced with the variable BMI. The equations were derived from data of the population-based cohort with > 30,000 individuals aged 25-74 years. The risk charts presented in the publication are based on simplified equations with the variable resting heart rate which was demonstrated to improve CVD prediction. Using the data of the FINRISK study charts to estimate the Risk Age based on all CVD events as well as based on only fatal CVD events were newly constructed (23) . These charts use only conventional risk factors (analogues to SCORE) and are very similar for both underlying endpoints.
ASSIGN
The ASSIGN is known as the first risk-estimation tool, which takes into account the risk factor of social deprivation using the Scottish Index of Multiple Deprivation (SIMD) score. The tool was developed based on the data from two Scottish populationbased studies with > 13,000 participants aged 30-74 years and was published in 2007 as gender-specific equations to assess the risk of CVD (24) . In addition to the variable social deprivation (derived from the postcode as a corresponding indicator) and conventional risk factors the equations use the variables family history of CVD and DM. The ASSIGN website enables an online assessment of the risk for CVD within 10 years using the updated version of the score (25) .
The score showed a good discrimination for population of England and Wales as well as for primary care patients in Scotland and Northern Ireland (7).
QRISK
QRISK risk-estimation tools were derived from the data representative for the primary care of England and Wales and show the greatest number of participants currently used to construct the risk-estimation tool. The original QRISK and subsequent QRISK2 models to assess the risk for CVD based on more than million patients were published in 2007 and 2008, respectively (26, 27) . Both models use conventional variables but also family history of CVD, BMI, antihypertensive treatment, and Townsend score, an indicator for material deprivation derived from the postal code (analogues to SIMD score). QRISK2 additionally incorporates the variables ethnicity, DM, chronic renal disease, atrial fibrillation, and rheumatic arthritis. QRISK was constructed excluding patients with DM, QRISK2 excluded patients treated with statins at baseline. In 2010, the new QRISK model to assess the lifetime CVD-risk which used the same variables as QRISK2 was presented (28) .
The QRISK® websites enable to calculate online the risk of CVD within 10 years for 25-84 years old persons with QRISK2 providing the corresponding relative risk and Heart Age (29) as well as the CVD-risk at any age up to 95 years using the QRISKLifetime (30) . The regression coefficients of the QRISK2 are being updated using the new data analyses.
QRISK and QRISK2 showed a relatively good discrimination for primary care patients in Scotland and Northern Ireland (7).
CAREMA
CAREMA equation was constructed to re-estimate the SCORE function for the Netherlands using individual data (31) . The model applies analogues to SCORE only conventional risk factors but separate total and HDL-cholesterol levels (instead of their ratio).
The equation to estimate the risk of fatal and non-fatal CHD events within 10 years is based on data for ≈ 20,000 participants aged 20-59 years of the population-based study conducted in the Netherlands.
Risk-estimation Tools Derived from Cohorts of Several European Countries
SCORE
The SCORE was developed by the European Society of Cardiology and was published in 2003 as gender-specific equations and charts (32) . The equations were derived from data of more than 200,000 participants aged 19-80 years from twelve European cohort studies, mainly population-based cohorts (32) . Using derived equations the charts for risk of fatal CVD within 10 years were constructed separately for countries with a high or low CVD-risk. Published risk charts incorporate only conventional variables and enable risk estimation for persons aged 40-65 years of each region either with total cholesterol or with the ratio of total cholesterol to HDL-cholesterol. The SCORE charts presented on the corresponding website are based on total cholesterol and offer also relative risk estimation (33) .
The website also enables an interactive risk calculation using the program HeartScore® for countries with high or low CVD-risk or specific versions for 15 European countries in 17 languages (for 8 countries after recalibration). Alternatively, the online risk assessment may be performed with a simplified tool using only body height and weight instead of blood pressure and cholesterol measures (33) . Determining the risk is completed with management advice.
In 2010, the special conversion tables and charts for high-risk and low-risk countries to assess the Vascular Age of a person were presented (34) . They used the same variables as the tool for absolute risk and show very similar estimates for both risk regions. Another chart to assess Cardiovascular Risk Age with the same risk factors was published in 2012 (23) .
SCORE has been applied to Spanish and Dutch populations and showed a very good discrimination (7).
DECODE
The tool DECODE comprises gender-specific point scores to estimate the risk of fatal CVD within 5 or 10 years focusing on event prediction over glucose metabolism (35) . The equation is based on data for more than 25,000 participants aged 19-80 years of 14 cohort studies from eight European countries, mainly population-based cohorts. In addition to the conventional prognostic variables, data on DM (or blood glucose) and country-specific coefficients are used.
WHO/ISH Europe
The originally intended users of the risk-estimation tool developed by the World Health Organization and the International Society of Hypertension (WHO/ISH) are countries without available resources to derive a population-specific tool, generally low-income and middle-income countries (36) . Corresponding risk charts for 14 sub-regions of the world to estimate the 10-year risk of a cardiovascular event for persons aged 30-79 years are downloadable (37) . Based on their mortality all European countries are grouped into three sub-regions. For each sub-region gender-specific risk charts using conventional prognostic risk factors and variable DM as well as simplified risk charts without variable total cholesterol are presented.
Using a modelling approach, the construction of the risk charts is based on information from the studies on the regional distribution of the risk factors, on the relative risks of the risk factors as well as on the corresponding population-level estimate of absolute risks for cardiovascular events (36) .
Risk-estimation Tools Derived from Non-European Cohorts Framingham Tools
The first world-wide known risk-estimation tool was constructed based on the analysis of the data of a relatively small cohort of about 6,000 residents of Framingham, USA. For a long time most commonly used were the equations of Anderson et al. (38) and derived from this equation points scores for the estimation of the 5-year and 10-year risks for CHD (39) . Well-known are also several other derivations from these equations (40) (41) (42) (43) (44) (45) (46) (47) . Moreover, data from the Framingham cohort were used for the risk-estimation tool for stroke (48, 49) and for intermittent claudication (50) The website of the Framingham Heart Study (55) presents all above mentioned risk-estimation tools and enables an online assessment of the 10-year risk of a coronary event, the 10-year risk of CVD as well as the 30-year risks of CVD and a cardiovascular event. The interactive risk assessment, except for a coronary event, can be performed using lipid levels or body-mass index. Besides the estimated individual's risk the calculator provides also the normal and optimal risk levels. The corresponding Excel spreadsheets are also downloadable.
Risk-estimation tools based on the equations of Anderson et al. (38, 39) were applied in different European studies, particularly on various British, but also on German, Danish and Dutch populations. The tool of Wilson et al. (51) was used on men from Northern Ireland, France, Germany, and Italy and also on a nondiabetic population of Spain. The tool of ATP III (52) was applied to male population of Germany and UK. The discrimination in the studies ranged from poor to good values (7).
Reynolds Risk Score
The development of the Reynolds Risk Score was aimed to use several new risk factors associated with increased risk for CVD such as metabolism-related variables (e.g. lipoprotein A), inflammatory markers (C-reactive protein), markers of glucose metabolism, plasma creatinine and homocystein values.
Primarily, several equations were published in 2007 to calculate the risk of a cardiovascular event based on the data of an occupational cohort of more than 16,000 U.S. women (56) . The simplified risk-estimation equation (namely Reynolds Risk Score) uses in addition to conventional risk factors and family history of MI the variables C-reactive protein and hemoglobin A1c. The additionally investigated best-fitting equation also included the variables apolipoprotein AI, apolipoprotein B-100 and lipoprotein (a). The Reynolds Risk Score equation for men was published in 2008 and based on the data of an occupational cohort of almost 11,000 U.S. non-diabetic men (57) . The riskestimation tool has the same endpoint and uses the same risk factors, except hemoglobin A1c, compared to the published equations for women.
The website (58) of the Reynolds Risk Score enables to estimate the 10-year risk of a cardiovascular event at current age as well as at next age-decades for non-diabetic persons aged 45-80 years using conventional risk factors, family history of MI and the variable C-reactive protein.
Other Risk-estimation Tools Derived from Non-European Cohorts
The Risk Chart based on the U.S. NHANES-I cohort of ≈ 6,000 persons (59) was primarily constructed for developing countries. The estimation of the 5-year CVD-risk for individuals aged 35-74 years does not require laboratory tests, using only data on gender, age, smoking, DM, systolic blood pressure, and BMI. The article also provides regression coefficients for equations based on BMI or on total cholesterol with additional variable antihypertensive treatment.
The development of the U.S. risk-estimation tool GVRS (60) was aimed to improve risk assessment using behavioural and anthropometric parameters. The tool uses in addition to the conventional risk factors and variables blood glucose, peripheral vascular disease and antihypertensive treatment data on ethnicity, waist circumference, alcohol consumption and physical activity. The website enables to estimate the 5-year risk and the 10-year risk for a cardiovascular event (61).
In addition to the already described risk-estimation tools derived from the U.S. populations several instruments were published based on the data from Asian populations, the Japanese NIPPON DATA80 (62) and two Chinese prognostic tools (63, 64) . However, these instruments are not relevant for the general European population due to ethnic variability in the CVD-risk.
DISCUSSION
Clinical Usefulness of Various Risk-estimation Tools
The decision about the clinical usefulness of a risk-estimation tool may be based on its prognostic accuracy. When a good calibration is not achieved an instrument should be recalibrated.
A perfect discrimination (AUROC value of 1.0) of a risk-estimation tool for CVD is not possible, even the internal validation for various tools did not achieve the AUROC value of 0.9. In addition, the performance criteria for the discrimination are generally not established. For example, NICE refers AUROC values from 0.9 to 1.0 as excellent, from 0.8 to 0.9 as good, from 0.7 to 0.8 as sufficient, from 0.6 to 0.7 as weak, and from 0.5 to 0.6 as very weak discrimination (6) . In some publications AUROC values even from 0.66 to 0.88 are considered good (4), over 0.75 as very good (8) or high (9), over 0.82 as excellent (5) discrimination. The AUROC value of 0.75 was proposed as the minimum requirement for a risk-estimation tool to be applied (8) and the most tools attain this value.
When the tool predicts the development of clinical event accurately, the general conclusion may be derived that a change in the modifiable risk factors reduces the risk of this event. Whether such conclusions are valid for all risk factors and particularly in the predicted magnitude with regard to CVD is questionable (2) . Should the modifiable risks be reduced to the average, "ideal" or even lower values of the corresponding age and gender group (2, 8) ? Moreover, although there is evidence for reduction of cardiovascular events by modifying the single risk factors such as cholesterol or arterial blood pressure, no reliable evidence from randomised controlled trials exists for the events reduction using a risk-estimation tool (9) .
Whether more easily standardised (and, therefore, allowing better recalibration) "hard" endpoints or clinical more relevant "soft" outcomes should be favoured for the risk estimation remains debatable. Generally, since the goal of primary prevention is the avoidance of all vascular diseases at their earlier stages, the CVDrisk assessment is preferable (9) . In some cases, a therapeutic approach for different patient groups may be based on the risk assessment of different outcomes, e.g. aspirin administered to men at risk of CHD and to women at risk of stroke (65) .
Choosing a risk-estimation tool depends on the accessibility to patient's data (i.e. laboratory measurements). The conventional variables are generally sufficient. Since the variables gender and age alone are responsible for the AUROC of up to 0.7 (4), the inclusion of each additional risk factor leads to an ever smaller improvement in the predictive ability of the model. Moreover, simple (but accurate) models may be more generalizable to other settings, because they reflect essential mechanisms that function across different populations (10) . In patients with borderline risk additional non-invasive tests (e.g. ankle-brachial index) may be applied (4, 5) , assumed that they have a high net reclassification index. Since the risk factors may change over time (due to changes in life-style, environment, etc.) the periodical update of the model would ensure more accurate prediction (10) .
Instruments for assessing an intermediate-term absolute risk are mainly relevant to select high-risk persons for aggressive risk reduction. The concept of a lifetime risk may be rather important for policy-makers to support the prevention activity including the allocation of resources. The Relative Risk charts and Cardiovascular Age equivalents are thought to identify young people with increased risk factors but low risk in the intermediate-term follow-up solely due to the young age (8) . For elderly people, instruments which consider the effect of age on risk factors using interaction variables or specially constructed risk-estimation tools (out of scope of this review) are preferable.
Finally, it is also important to communicate the risk assessment to individuals in a understandable and motivating way (8) . Useful approaches are providing absolute levels of cardiovascular risk rather than risk categories and presenting graphics instead of just numbers (66) . Especially the use of the cardiovascular age equivalences is considered by patients to be well understandable and motivating (8) . Promising results showed the integration of the risk-estimation tool into the medical computer software (67) .
CONCLUSION
Which risk-estimation tool for primary prevention of CVD should be used in a European population? From clinical perspective, preferable seems to be instruments contemporary developed for this population, which use easily accessible measures and show a high discriminating ability. Instruments, restricting risk-estimation to certain cardiovascular events, high-accuracy recalibrated risk-estimation tools or tools derived from European populations with similar risk factors distribution and CVD-incidence can be used as the second choice. In younger people, calculating the relative risk or cardiovascular age equivalence measures may be of more benefit. The integration of risk-estimation tools in the medical computer software is promising.
